A comparative study of the binding and inhibition of four copper-containing amine oxidases by azide: implications for the role of copper during the oxidative half-reaction.
Copper amine oxidases (CuAOs) catalyze the oxidative deamination of primary amines operating through a ping-pong bi-bi mechanism. In this work, azide (an exogenous monodentate ligand) was used to probe the role of copper during the oxidative half-reaction of CuAO catalysis. The effects of azide on both the reductive and oxidative half-reactions of pea seedling amine oxidase (PSAO), the recombinant human kidney diamine oxidase (rhDAO), Arthrobacter globiformis amine oxidase (AGAO), and Pichia pastoris amine oxidase (PPLO) have been examined. For the reductive half-reaction, defined as the oxidation of amine substrate to an aldehyde, azide was discovered to exhibit either noncompetitive or competitive inhibition with respect to the amine, depending on the enzyme source. With regard to the oxidative half-reaction, defined as the reoxidation of the enzyme via reduction of O(2) to H(2)O(2), azide has been determined to exhibit competitive inhibition with respect to O(2) in PSAO with a calculated K(i) value that is in excellent agreement with the experimentally determined K(d) value for the Cu(II)-N(3)(-) complex. Azide was found to exhibit mixed-type/partially competitive inhibition with respect to substrate O(2) in rhDAO, with an apparent K(i) that is similar to the K(d) value for the Cu(II)-N(3)(-) complex. The competitive inhibition for PSAO and the partially competitive inhibition for rhDAO are consistent with O(2) interacting directly with copper during enzymatic reoxidation. For the enzymes AGAO and PPLO, pure noncompetitive and mixed-type/partially competitive inhibition is observed. K(i) values for reductive and oxidative half-reactions are equivalent and are lower than measured K(d) values for the Cu(II)-N(3)(-) complexes in oxidized and substrate-reduced forms of these enzymes. Given these observations, it appears that substantial inhibition of the reductive half-reaction occurs at the concentrations of azide used for the oxidative half-reaction experiments, thereby complicating kinetic interpretation. At this time, the data do not permit us to distinguish between two possibilities: (1) inhibition by azide with respect to O(2) is intrinsically competitive in CuAOs, but this effect cannot always be deconvolved experimentally from the effects of azide on the reductive half-reaction; or (2) CuAOs differ in some steps of their reoxidation mechanisms.